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(¥^TiS~: PROFILE REFINEMENT FOR INTEGRATED CIRCUIT METROLOGY) 



The present invention includes a method and 
system for determining the profile of a structure 
in an integrated circuit from a measured signal, 
the signal measured off the structure with a 
metrology device, selecting a best match of the 
measured signal in a profile data space, the 
profile data space having data points with a 
specified extent of non-linearity, and performing 
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ra * (®W£ffi ■ <{M*f£f skills tfi3L&ffiffi*&1t&m) 

4 0 ~ $ # & 

4 1 ~ 4 j»] as ^j- ^ 

43- 1: m It & 

4 5 ~ ^ m n 
47- a a a m 

4 9 - & # & & 

51~4 *| & J*. # ^ ff 

5 3 ~ 4 j»J #r ff & ft 
5 5- 4 $J -f- & 

5 7 - -at & * it ft 

5 9 - @ # # *t M ^ 



- , %x&*nmg- ■ profile refinement for integrated circuit metrology) 

a refinement procedure to determine refined 
profile parameter's. One embodiment includes a 
refinement procedure comprising finding a 
polyhedron in a function domain of cost functions 
of the profile library signals and profile 
parameters and minimizing the total cost function 
using the weighted average method. Other 
embodiments include profile parameter refinement 
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^ - &3L&Wtt$- C&W&m ■ PROFILE REFINEMENT FOR INTEGRATED CIRCUIT METROLOGY) 

procedures using sensitivity analysis, a 
clustering approach, regression-based methods, 
localized fine-resolution refinement library 
method, iterative library refinement method, and 
other cost optimization or refinement algorithms, 
procedures, and methods. Refinement of profile 
parameters may be invoked automatically or invoked 
based on predetermined criteria such as exceeding 
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A . &2l#b£« C&W&ffi-- PROFILE REFINEMENT FOR INTEGRATED CIRCUIT METROLOGY) 

an error metric between the measured signal versus 
the best match profile library. 
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* t b, & f& $ # & 1 * ft 4b # if % ft > b L * to m #- *tP L t ft 
4b #j ff & ft ' a itb II #= ° 

as si 3 ' m^^)m±-^^^i\%^m^m^)k^sL 

to m f ¥r #) # & 44 la SI Si 3* ^ ^ itb & £ # ^ # .it 44 
&<J # £ le, ffl 1 6 5 ° i£ '1-4 n * ft & ' **fc&.E-t&#170 ° 
^^#'Jffl^^ft^J:^a# ' ^ t t& ^ * Ml '14 jRI 
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s. - ®*ntnw (id 

12) m- 1 1 % #3 <5PS t f tblt ' t <5PS{|ttA 

tf # #J 5P4L^I^6d #B n ft m % A 5 ifc # $ # ^ ^ ^ 

^ ^ f ^ 1 ° *^|i|-*L(5P«^ft#^^P L 4:^|t|i$ ' 
f t ^ Ik ># #■ *tP L % y5 L # - 4- o a^rig^^^^^ . & m 

i% -k° T : 

5PSJS HL = (0, ••• £ L /2, •••0) 
tb *fc 10 -bj | ^Tj 



/5 L /2 -b L | ^T L 



10 -b K | ^T K (2.10) 
g tf? if m A ( 2 . 1 0 ) t (& tb a & A ' ^ £s i& # ^ Ik .£p 

# &p L A^^t^i > m if ^ /5 L ^ - m & > j» /3 L 

if Alnm - 4 m. # 5 5. 1 2 J[ £'] tb & $ ^ # ^ ' #. ffl tb *fc $ 

A ^ * #j /? L it - itb /5 L m %, & m #■ *tP L # # i& >tp # # 
& ° 

13) ij- * 4$ & j$ $~ *c 4 & # «*1 J. 1 2 ii # # ^ Ik 
ft ft fit ° 

# & #- & H 3 ' *<J ffi ft # 4L ^ ^ *f & iL & £js #- *fc 
$1, IS l& * f 44 * 1 8 0 ° m ' CD X. A # 1 0 0 5. 2 0 0 nm 4l 
$a IS ' # ^ # £ Sfe # ii & J: 6*j CD % £. ft x£ ft ft SL ^ % 
4nm ° 
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i > (12) 

m u&;ti&j##-it4L**^fc##f&4L# — 4a ^ *fc ts 
* m m n & & $- *t # g #i n, m • ^isj/fc^&Tstffl ° ® 

' «.ffl-fe#J*#*fA*|-# 
#r & # *t £P ° *'J ffl ^" © * #4 ' CD % JSL # 1 00 ^ 3 0 0nm ^ 
$e, Bl ' ff^J£-#^ 100-200nm - CD t >i t 4 i# # >t I? 
3nm ' m Ifc % — £P ^20 1 -250nm %,2. 5nm ' ffij ^ $ =. £p ^ 
2 5 1 - 3 0 0 nm JH . 8 nm ° ^7##^&&*&#*Tteffl*te 

a * ^ # ^ ^ ^ # & -1-4 t*&**;tt*4,fi|tt#j4fcj#*ttit » 

fe. ^ # ^ & '1-4 ^ 45. ° 

&<j t ^ a I s ° ^ _l © ^ m ' tst^6dife^-a.^s^iiffl^ 
^fcl «ij % ft ' t -7- > t; > ^ a * «i ft ° 

S 4A £ & ft * 4b & M * * t ft £ & *t i(t 3* H * j»J 

Kk to & tf fcb #51 & ^ * *t A *'J ffl ^ # & le, * t # ^ 

#fc4#&*&£p***Mb4L#'ft^ aft ^ K ■ ^ a # ^ ^ & 

|& S ^ t # 4Mlt ^ 2fc * # ^ 4b ^ ° f IIC & & * 

m it to & tts M & & * t # & * # & tt tb *t > ^ t ^ * t 

it # ft # ^ #J & nS° 20 0 ° fittl l^f fl^^f #**ff 

^ m &2 1 o - MK$iMifr$Lft&tf)tn&-x t nz-&% 

#- *t ^ *t tit » te. & P° ° 

tf ^ ^ t # * t # £ t# *t tit ft tb & * >*] ft JH- & t# 
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3. * ®Wf&W (13) 

41 m & & & $k ° wmfr>m®^-ffi$&&^&$L & >h it ° & tit 

t- fa iH ' & tf *t ^ ft 4i it # ft -ft ° ^ - M la * «fe #J t ' 
it #K- $|fit^^||^t^tf ^f=1 t ' ^ £ ft tit £ 
#^**te#^*ift#jfclt^*fr##-*tjfc|3] *t Jfc A tf. # 

# © ft ¥j ft A -ft ft M M ^ it ' & tf) Jfe j$ #■ *. *t tit .ft 2 2 0 ° 4* 

^ £ A ' *titft*#-te##**til*BlHjkit ' * * - 

Fal $ ifc tit » 4L * ^ - K- & # ftft*feJ##-*L*ttit*^-^# # 

* it # m ^ * a # ^ t * * n 41 Jfr #- at HP A ft & 

j& ' £ ik m $1 & tt ft it ifr it m & ft & m *t tit ft * tt ^ 

f.3 3" ft it # *S IIP tf ' *> ffl 4 B t m SI ° #M I4B ' ^ -st 

tf ffl ^ % fa m to M %~ it 4i ^ ^ i c & ^ # ffi ^- *&■ * - # Bp 

CD I iP, 11 iP 2 ° P R & #j tf # # # *c *t tit ft ft P M ^7 

^ # ^ ^ tf s M 4i ^ #- *t i t tit ft ° * # # ^ * tts° ( ^ 

^)4ift^^^4fej##-«:tttit»P 0 ^iS#*-fc*^4p#-*t*t4)t 
ft # & ft ° ^Y|i tfel^ *tP, #j -If VL t ' P° #J 4@ *P tf. ^P 1 + 
^ JL ft ' ffijP 1 " ^P, 6<j £ ft - P 1+ IP 1 " ^^Wljfe^C**)^ #J 
^,S 1+ IS 1 " - ^S 1+ bb #5i It 3*J & tf S M 4i ^ ^ & tt m ^S 1 - tb lit 

ir m ^ tt s M 4i ^ ^ m $t & <h ' m it #p 1+ # e >^p, ^ 
*t tit ft ' ^ m ' it #p ] - ° nifr %s m $- *tp 2 #i ^ ^ ft ^ ' 
^ jtb * m ' ^ ^ >^p 2 it # ^ * *t *t tit ft p 2 " ° ^ ^ * #j 
t ' ^ ft it ^ =. ^ s w ' * « n i-p° - p ,+ ^ iP 2 - & ^ * *j 
ft *t tit ft p m • 

n & & % & ' w *° ' -t ife #■ *t ' k # ^ 

7 . ft^^/v#|^g.^^ftfft(K + l)^^ftlS ° i£ « « ^ # 
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i - (14) 

#r M ' *° * # ID H - & ^ - T - % Tl > T feJ ^ # # fl) ^ 

# ' ^- # J: - ej ^ #J ^ > ^ & * fli ^ JSl * # mi M ^ ^ ^ 

a It £ # «. ^- # # ^ $r J# ° 

* It It & tf ^ & ^ ^ *t ^ /]> >fb 2 3 0 ° ^ 1f 3fe #J & * -fb 



(2. 20) 



K 



AW; ^0 



(2.40) 
(2.60) 



1 J N(K+Y) J5T+1 



(2.80) 



* t 

c 4/ m & & *t - 

n ^ t ^ ^ i $L%:i?ifctfj&m & # » a 
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JL * (15) 

S * $c M & it ' S° * ft # ^ * if ' S 1 A M ^ - 

# # & tt ' m & ^.s K » ffib s M a * >*j & if ' a 

w $ ija m fa * » 



FT 

' 1 (3.00) 

*t ' a itb £g # ° fe^^fv^t^f ^ ti^r^i - 2 & fsr 

£ *t ' ft ^ -ft * T ?'] # S ^ # $'J : 



(3.20) 

fa # ft * 41 ft it >fb ± $>J ^ #i rl f'j » ^ Bp » ^ — # • 
^ H i^j M f ^ i f ^ - ( ^ f ^( 1. 20)) 1| ^ jl • ^ ^ 
i^##.^r^^^^A^^(^^^(1.3 0)) ° 

a >&. #- m m 4A ' * « ft * *t & ># #- *t & & * & & 41 
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i - %;Wi$LW (16) 



P R = {p\P\...P z ) 



"9 



(3.40) 

t P R * \K * 4* * ft * * #■ *. ft * 'P 0 *tf,**#^* 
#i i# ^ ft * ' P 1 ilP K £ -ft * £ * tt $ - A $ K 43 8 

t^ti^f • m & 4e ^ #r m z~ ^ in ' & $ 

*t * T ?»J * $L & # f >J : 



tt 



p2- 



(3.60) 

^ ^ - t ^ #J t '^Lffl^^^fttig^^^^&lt 0 
AS ffl 4A • £ © fft £ & 4L ^ #p #- $t 4& tt it # # * it # 
^*&#^t##&t*4L4&#^*t*B*Pttifij&j£ 2 2 5 ° 
M H 4C ' m «t 4£ m M © * #'J A%#34®&$&&3l&1& & 
m ' # V? CD & A $ ^P 2 0 #■ & H4C 'P R ^*|^6^^ 

# #J #■ *t tit tt ^ P M ^ 4i * ^ * & tf ( & ) $~ 
& tit tt 0 &te#^&#SH:fc^)^£te#^*k$i^&& 
tt P° A it # * ^ #T J# #- *t #1 tit tt #1 & tt 0 Y #A t 3& M #- 
Pj #J 'It >X t ' Pj ^ JE- ft # 4§ HP iS.P 1+ A ^ £ ft #jP 1_ * * fc e b 

# ° 4« J& ' ^X#»tP 2 3friE-ft#j*BJlfF #P 2+ A ^ ^ ft 
# - W # * «t £ /& ^ # *] 4 tt P M A it # #J 
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i - ®Wi$LW (17) 

4a *P 48. ft & ° & f&K ^ ^ , ffi ^ # ^ ^ it # 1^ 
£p #- m *a HP it tit ft ° If 4@ 

4s if ^ * «!l It # & ft j& * & it * 'J- 4b 2 3 5 - « ^rt 



K4IN CQV) 

W 



(4. 00) 



AW; ^ 0 



(4.20) 
(4.40) 



AT(2.£+1) (2JsT+l) 



(4. 60) 



c & m a * & it ' 

K h $r M f- $k m it ' 

N^*^«f fst^^^ijf^^ tt it ^ ft it a ' 

S Mb *fc M & t# ' S° ^ * # ^ * ft ' S 1+ * M # - ft ^ # it ^ 

# #j & if ' is # 5.s 2K ' ffo s m & * «-i & t# ' it 
w & ^ m fa * • 

^ m fa ± a. & ^ it $'j m in m. #j » ^ sp • ^ — -la • 
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s. » &mtfLW (18) 

fa % 1^3 * & & ^ m # ^ - bl % ~ m ' in m & * & a ^ ^ 

i $ • * *«] ffi ft * 4b & j& ^ & *t 4i # ft 4 tf £ # 

#J*fcj##-*t255 ° 41 # 4£ ^ & ># 4i #J ' ** #J Ife £p # $& 

& t n ^ m a # i'j : 



p fi =(p° ? p 1+ ? p 1 - ? p 2+ > p 2 -) 



*1 + 



w 



2+ 



( 4 _ go) 

* t P R & ft & m ft jft Jfp #- it ft * ' P° J*, ft * ft # ^ 



4P- 



&**#*&4p#-*t*.i€j;t ' P 1+ IP 1 " ^ *J ^ ^ ^ | - 4S 

& ^ JL ft JSL % ft 6^ j# #- ft 41 ft * ' P 2+ IP 2 " ^ J3-J & ft * 3 

#l • ffoW 0 - W 1+ > Wj_ * W 2+ lff 2 . ft #j *f M fa M m 
-f- - 



# *g 4b 4i # ^ # 



*1 SI ° a & ^ # & *£ jf£ ffl 3t A. IT 44 



*^.1t«fe^j##^>fb^r* o »f gj & ^ 5^ ^ # ^ ft & 

f # # t # & ft bb ' Jiit#*#^^^ft 3 0 0 • Jfc dj M 

^ ft # ^ $r # * * ft 4i 4* J$ *t3 1 0 ° 

^ m $lt fjj t ' feE^^A^*^^^*. # f$ ^ 
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i » %tWi$LW (19) 

J= 6S/ 6? (5.00) 
* t : 

S A * * * 4 «I It * * *l *t *f * f# • 
5 S £ * P # ft tt, 51 & 4l ft *f & ft ft 4b • 
P -ft £ Ik m *t ' 

N ^ f ^ j-x i #<J I f f ife^i 4- iij i ^ * ft #t tit » *t a ' 

s= ( Sj , s 2 , ••• s N ) ' & t s, % m * ft i * »j it ^ * ft ' s 2 

4; ^ J*J 4 36 2 * »] f t M & ft ' « ilb II # ' ^P = (P ] , P 2 , -P K 
) ' ^tP^I'fi^lft ' P 2 %o % 4® M #- *t ' « *b 

ii # ° ^ # t i i ^ ^ # £j : 



SS 



K 



SP X SP 2 SP } 



K 



(5.20) 

£ t S 1 A * #j ?>J ft * > S 2 $ * ?<J ft * » # # - 

#*>h*«&ft--4S*&j#^ifc|s]i$ # ^F^-^^ftiLtt* 
A^^^^-tt^E&ft^^^ifeltt^^ift^b^^^t^A 
F# J 4l it £ * 3 2 0 ° m itb i§ ^ # #r # * 4& ># #- *t 4 & ' 

it 5^ 4o T : 

<5S\ 



* t i % « 



(5.40) 

f 3*J * ^ & ft *t 4* jtt ' fa SI & 1 
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3- > (20) 

N » j £ J# #- *t #l it ' $a a & 1 5.K > Jjj | ta ft it ^ * #- 

ti j ft 4b ^ $l & $L M 4l 44 ' d S 1 & ta ft M &r 6 Pj £ 4b 4l & 

It ft 4b ° tt^it f#S° AS' ft #J j| & • A tS' 4; *'] 

ffl & # * $*j & m a #f ft m # *t *& ^ it 4- >* ft - ^ # ^ 
* #- it ^ » ^ ^b tt * # & ft ° *■] ffl & ^ t m m. •& m ft * 

& ft 3" & tit «E ^ IS] f ff t tfij & m *«J t If * 35 
09/764780 » *Niu^A7^2001^1^25a t 
r 4£ 4& it # ^* 4& ^ & ^ ft f*3 4 ft ## # j t ' 1* t 

*S 4b SI 7F f£ - t^-^if#>*lllM^-^t^#l 



■W3 



># # 4l m # ' jtb n & t£ # #j itp, a 

P 2 4l H ° ^ ffl t # & 4* » ft * * * ta ft M *fc 4t & ft ^ - & 

$j #- *t ( >f ) ° #j *» » p° ^ * * # ^ & tt s° #] & m $- 

*t ' P M 4^ * IT j*J & tf S M ' P l+ 4^ * & tf S 1+ # |& j# 

*tP, ^ SL fa JL ta HP *t 4{t 3& # Ik M #- *t ' P 1 " 4^ * * ft S 1 " #j 
tfcPj *M i^J ± ^ H tit » # J# *t ' « *b # - 
ft ifc * ^1 A # at M 7B > (5 Pj A- 4fr 4p #- ttP, # ^ it itj _L if Jr 
^ ft 4b ffq (5 P 2 ^ ^ 4p #- ^P 2 # ^ i _L if * ft 4b - IT 

^ ^ m ° 

ft * * # ^ * tf S° Zl t m * t#S M ^ W W H ^ 3 4 0 ° #ij ffl 
t^i^^tAt^^Tbf^f »J * tt ^ M ^ ^ ^ ft % %k 
z& & J# *LP R 3 5 0 » 
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- ** ^ ft W Jt ft 4L M W 



i - t^tW (21) 

t ' *t * P € -fb 51 # tf) S 

AS = J AP 
*t AS=(AS P A S 2 , ■•• AS K ) 
AP = ( AP,, AP 2 , ••• ASP K ) 
A P & *•] m T ?'J ^ A tf & 
AP=( JTJ)" 1 J T AS 

* # 

P R = P° + A P 

& t P° ^ * M ^ ft # & & tf 4l m #■ #. flo A P £ £f £ i # » 
ffl 6 & * # b£ & fe, *fc t^Jffl*#*&J#t#*ir #J 

ffl « l& M ft At ^ # # # as. m SI • 4* 3& ' a # ^ # 
& 14 $e, ffl 3t iL t # * & * 2fc Ik m ft At ^ - f # 

* 4: I I t a ^^40 0 - *»] ffl £ # # * & j$ t # #J Ik 
£p*W^&£fc*ta410 ° i£iB #<ft4t420 - $ 

*MS] t It t * B**I t*t 1109/737705^ - &Doddi 
% A ^2 0 0 0 #■ 1 2 ^ 1 4 a t t# ^ # ^ r & * Ik J# ^ «L ^- % 



4b & & 14 ' 6 
& U 



(5. 60) 
(5.70) 
(5.80) 

(5.90) 

JSL & P# ffij AS^ f *>J 7b tf ^ 

• ft M %~ #tP R it * 

(6.00) 



#5 #- M a 6 • 4# |k f £}- ^ t 



*t ^ t^ 
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2. - ®WnW (22) 

4£ & # f- its 4 3 0 - ^ - #• ffl t ' w m & & *e m # ^ 

* # ft * - ## # ° - ^si m le, * #j % m- its t ?>i & * ^ a. 

AX=B (7.00) 

* t : 

A %, A *n' x n # *•] & If *E ' MPU^ 4£ ?'J it it ^ ^ $J 
it ft ^ — it If ' 

BH'H'xkt^lftil^ ' £E ^ ^ 4* n M Ifc - 43 

n % * it # * m It i *J * 4l ,f £ tt • 
n' ^/J>^35,^^n4L*tl 'A 

A'hnx k^l^f f ' *1 ^ -t I- t ?>J «■ jft ^ - 

l& ^ *t ° 

* * Sil it ft HI £ * ft * #J it tf bh it it A * & ii # ^ 
#440 o Jfr#|W^£#i£#^$#ft£#*B£te*t4ei* 
4 5 0 ° #'J ffl «9 3£ 4& *t £E 1$ a it ft *E P# if % # ^ #J $r i# 

#t46o - m ' #i «t a* m % J# t 4# £p #- #tk # ^3 ' ^ 

£p ' TJi C D - J& C D > Alt - # f& & * i 4£ A3 & 

* l£ H * * *J ft & &53 ' * »J it ft Js,H • ffi z& tfj TICD - 
ft'J T # ^ : 

HX^^T (7.20) 

* t X^cd A IN- Jfc ^ TRCD ^ f$ 4£ *t t€ * 4l - 4* ?»J > m £ 
$k & m ft & i£ # ^ * # ft * 0 
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JL » ftWtLW (23) 

m 7 & # w m i& * «fe #j t^jffii^^^^^^^iait 

ft 4£ 4b ffl j# ft ^ 4b ft 4^ ^- 5$ >;H ^ I • ^. f H ' ^ a 

* ^ # & tt fesi^iLt*!-*^.**^**^^^* ° mm. 

it ft ft i£ . ft £ - ft g . I^tt|^|f#* t^Ti 

^b tt # it its #) * tt @ 5 o o - ft^^&g-r^:*.* 

isj ° *'J m it ft ft ^ m t # 4 * W ft H tt @ it iil 5 0 5 • #r 
4? ^ ^4 # 5f #j ^ ft & g it ft T & ^ ft i£ * » I 

* ' m.&' s r&ifr&s&%L&&&n • ^ # it ft # t tt 

1t 4*] ft & a 4l ft ,# tt5 1 o • #^A#^^,tt^p#^^ 

ft M $- tt ^ p# m & & tt 5 2 o o * it m & tt m. a *f m ^ 

*Bgte£ttt£ft*t#jft£p#-*.5 30 » 

ffl 8 & # ft || f t*»Jfli«E7ft&46.;£#;5rj3r 

ffl a ft £p ft x£ 4b ^ ft 4^ # m $L m. K ° str it ' -fc u # ;t # 
& II E it A if # ft * ft m ft ^ 4b 2r * ° # i M ft * 

s»j m ft #- tt # ft ft £ m 

t #J & tt fcb & » it ft ^ tt ft £ W t * # ^ # & t#70 0 - 
it! M ^ tt ft £ ffl t ft # ^ # & tt ^ ^ *t7 1 0 ° it its ^ 
^ * jRI 1 1 4t it tt ^ ft # & Xj & tt ^ tt ft £ fJJ % 7 2 o ° 

* *tftSBa j f*«t^^«4«-^I^AD^®|» - iL if tt ^ 

* 46, =- ^ Hfe ° it iU tt ft £ BJJ -7- # ^ tf) tt ft ,1 1 7 3 0 ' it $L 
¥] tt ft ,fi ft^-toft H^i^it ° a m ^ it ^ ^7 tt ft fi 
^ 4* ^ # tt tf * i - ft ft ft. tt JH- * ft740 • i - Mr ft 4l 
ft ftftft*:^^ft^t8,^^Isi^t^t^*H* *I t ft # 
^ 0 9/76 478 0 Sfe » *Niu#A^2001 #-1^25 9 t ft ft « 
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i - %rtyi$LW (24) 

r m >\k it ft #j ^ & & *f ^ ft M tf # ^ #t # j t ' 
to #- M bj 8 • ^ & M M. M tf H ^ & ft tb & it 

* £t # m n. m ^ n & 7 5 o ° #j . ^ t& # ^ "^r ^ ^ t& t& ^ 

* >H'J # ^ it S& A(GOF, goodness of fit) ' i& ^ fcb #1 
M 1 1 JH- * t * * «J * M It tf ^ i£ to * ° - i ^ t I t 6 i 

^ ^ n, se. »J t£ ^ ft ^ ^ m Ml m % & ° I T ^4^1. 

ffl * 4& t& ji * m m % & ° £ tt % #] t& g_ * $j ^ # ^ ^ # 

^ ' Jt'j tiim ft it 4b a #f ^ ifc £ ffl ft it # # *b #J It #L » 
7 6 0 ' ii 4 4i m M 1 1 <t & tf ^ tf # ° m ie, ft it 4b & m & ft 
± Ok ft it 4b %L m *p m m. iE X & 8l J£j £p ft it 4b & #f 4* ft |£ l 1 ^ 
jr o ^ ^ it ^ a % * JL £ 4a * Mr 4* ^ $r * it % 

^ #) tt % sfe # t& ^ ^ is] t tt t ^ ^ m * t tf m % 

09/923578 > *Niu#A^2001^8^6Q ftf^^^E r M 

*J-XlHjlf^^^^t#>*^^i^^^^S^f^^*^ 

^ # as ffl 8 ' ^ # gfl ^ # ^ fl f^ « ^ ^ 4* M ^ # Jt tf 

^ ^ j# #- tt > itb ^ it ^ # «S ^ J# #- *t 7 9 0 ° 

K9AA4^^"^^la1t«fe t #'J ffl to %k fa & ft 

^fb t *4 * # * ffl « ^ M ft ib ^ # ^ # ^ a BJ » - ft 

*Mb t # # 3" * ^ «t ^ t *4 * ^ it m tf ^ & 14 ^ 

^ © it ^ j# #- *t t m ^ -fb • ^ ^ ^ * # & $t * ^ # it o 

ft a it - ,! fe ffij t& . ^^r^«rffl^ft^^|f 1^4 ° it i±5 

n^^ttft#^^ s»j * i t m it tf 
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i > (25) 

800 - ^&m^&n&m!fem't¥t&&n^^m$-&. 
8io • MmT^u^t\%m^m^m$-^. ° 

i it & ' u n ap 2 ^ ^ — ^2- & Ik 

* ^ It S H ' SI 9 b t m ^ ° & T & & %L % - m ffi &j & 
4? ^ tt tMtf± 8 2 0 : 

P JB =J»° + (j r j)-V r (s J '-S 0 ) (7 .40) 

* t s M ^ * *j * if . p ri * «■ * *i & t# s m 6d $ - m tt * # ^ 

' P° 4 t§ # a* ft # ^ t ?4 J*, & f#S° #j to j# *t ^ 

- ^ ^ t # * tt ^ jft « 1 1 m it tt ej m to M #- tt t ^ « ^ 
& -\± • M'j a t # ^ m ^p ri m #j it n s R tt # 

S'-S'+Jifn-P') (7 . 60) 

& ffo ' £ ^ # ^ *£ afc ^ > S R * ^ & £p #- tt tt # jtk P R1 ^ 
r A ji tt ^ j & JL jft jfc tf . * T *6 flt # * ' #1 ffl * 

* * m mztn it m m ^p Rl ^to^^^^-^^m^t^-t m 

tt m 1 1 * 83 0 . £ *t # it tt s ra - #j m & * * >*j « m a 
% tt # & tt ^ # % ^ is] t tt t #j & m * *i t tt n 

Jf509/764780!£ • &Niu#A^2001 ^1-325 9 t tt ^ # M 

r # it m *s # m & & ^ *f ^ ^ * tt * ^ m # j t ' # 

^ ^ a ?l ffl W ^ ^ f a ^ x t « ^'J ffi T ^ ^ ^ ft % % 
~i®t\%tt&i$St&m^tom$-$L$k & ,IfeP R2 840 : 
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3- > &Wi$LW (26) 

( s M -s RA ) >h ( s M -s° ) ' a itb # & 

it *t ft i&p r2 ii m * tts M ^ f #r # ttP M - $- m m 

9B ' 4s 3SN- it ^S RA ^ it ft ,fiP R2 8 & i£ 4s M M m * & tf S M 

EJ M ffl 9 A ' 4£ ffl * it # g * ' ^#^M^I?830 
A^jE^>##.*t*tftj«;4L*t*i«.^^^850 ° tf #t =fc 
it if yfa ' # & >\± St * F£ ^ ' 34 /ft H JE. la $t *fr J# ^ *t a 

ffl i o £ * # ^ n ^ ^ t *>j ffl ® n % &. m if & 
3t a * 9 o o o & # - m & n ' it#4@^^^>#t#*t 

# & ft ^ # ^ 4l 4 & # 9 1 0 ° * *I ffl#*fc4bj&#&£:*S- 
*$#j|&,|j5^*t920 ° # ^ «fe #j ' -r ffl fq- & M ft m 

tf) ffi x£ 4b 3r & A £ 4& If ® _L «T ^ # #J # 4b >F Sfc - IMF — -IB 
CD > ^CD > A & > CD |£BT£ 

^ i - ^a^*it^^^ji — ^fa^* ° & % & j&cd & ® 

a *b & # - 3t iL a a fafflLlfr&mtf&^m.mz&&)&%fe& 
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JL * (27) 

##f-&^r&20nm ° 3t ^ lit to # # -ft ^ # £ ^ £ - ^ $ ^£ 
ijfej£15nm4L##f-£. • -£4&-^i£;£8nin4Lj$£#f£. > # 

* ° &&}mteft£ t ^m&*$4bm$' • #'J # *t a #j #f # ^ a* 

& Af ^4 ' & %l & jl m z& m $~ ik 

950 o fafe m Q $L tto & & ' 3tiL$&#j#.&3&g#/^Jf$ - 
9 6 0 ° # 4 flt =k #t H fa ' t ¥r m-ft & u % it * S 

*f >fa ' & JL J* #) 3f* ^ & J# $~ % t « 

fflll£*#W«|£*;9fc #J t ffi a « a£ # 4b Ik m $- *t 

#iL^'l4^^&te#^*fc,$s^&4L###3$ >)&. • iff 

* # *8 W ife 4f - *j|fe£p#.ifc##£jfefflJL#Jt#;fJf& ' 
$f * t *4 * 3t iL 6 0 0 - # j$ t *4 3t Jl ft W ifr m & 
t t ^ 1^ @ * t tf fft J£ 0 9/72 7 53 0 ft ' *Jakatdar# 
A ^2 0 0 0 1 1 ^ 2 8 a t t f ^ # & r B B B >fe ft M Bp f # * 

t ' if ffl 

#'J ffl _L I& — & £ 34 # ^ 4b m. Bl/ A 3" & ^ # *fc 4b 
tf # 6 1 0 « & £ # ^#ft^#^/£&^^<#*,ff-^ft 

( 7 . 0 0 ) ff # * #r M M- & t# 4l $9 g ^ & JL j» g ^ It *l P£ f a 

& y ° m m ^ m ^ & n m & & &x & m ^ & ^ lit % m 

z& #j %l M & t# 6 3 0 ' ^T^UI^^^^^tf : 
EY=G (8. 00) 
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3. - %mttm (28) 

£ t : 

G^A^lx n^H^^j^tf . m & 4- flfr H ft M 

ifc j&j * & §t ^ — j»j * ' 

E I, A ^ 1 x k ^ t 4 6^ f ^ t M f# ' MPH-^lf ft it 
— *fr £p *t ' 

k $ ^ m $- it & @ » 

!|A'hkxn^^|^t«P| ' M ^ -t 4- tx n M M ifc — in 

M #- it ° 

^ f ^^it ft ^1 f t t $J fc***-JE.**44#|fc#^7fc** 
4a $ t t *J & ft ^ jL tb 6 4 0 ■ - 1® 2r * & ^ tb ft # 

^ & tt ts ft ^ * ft & it ft ^ * ^ a it m * m it tt ta ^ ^ 

ft # & f t ^ /£ & it ° * T # jg. s£ f£ ^ j& ^ & it tb 
ft ° 

ill f&Vj 1V 2 |,A']>n^^«i^I > fliJVj 4a ft ^V 2 
& it $ : 

/ !=1 (8.20) 
ft * ft ^ V t 4a ft ^ V 3 ( £ X -fS A * ^ n ^ ft * ) ^ II 

4- ii» it ° 

it t m *r ffl * 4& /& * ^ it & m ; # * > ^ ^ m 

& i& & m tb ft ^ P# JSL i€fj * 4a ft it- 4± ° # # , a 3 SI 1 1 ' 
#***£#J;fcfttfc&#^;fct#£iL*g650 ' * # ^ # flL ifc 
3L ' *'J # *S it m i % h 1L ° fcl *» ' 5£ V, 4, * m & ft ' V 2 
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3- - &wmn (29) 

& & x& #) & n ' rfh v 3 ft # ^ & tt ' iw ^ * ( Vj , v 2 x 
& * ( Vj , v 3 ) > jw- it %»j * 4 & ^ - ^ m ' t # * & 

@ 1 2 £ * # *n & it m m t ^ ^ n & tt ^ $ & # 

3 - & - #1 1 C $£ it & *fc 1 2 9 4o ^ JR ep m - 4k M - 



0\L 



22 — 



5- » 



i - € -f- * ^. & * >*j & #l • & ^ * *>j & m, 4l it m & & it 
& * & a & & #i m & sl sl m ik ° € * »j & & ^ #j 

& t£CD- # & € m %k ^;(CD-SEM, CD-scanning electron 
microscope) > iF^.^^^flSftt^fcCTEM, transmission 
electron microscope) - Ui^jjtCFIB, focused 

ion beam ) i • * M I il'J & 3- it iH tLte%^tjm$k$i 
( A F M , atomic force m i c r o s c o p e ) ffij IE i $J % tft ^ it #'J $L 

& € & >*I i 4 7t ° JKF * *J & 1 2 1 & 5. & * ^ ffi ft it 
1 2 3 Sl 5. ^ J^p tf ff 1 2 5 ° * m % *fc 1 2 1 »} IlCi^l 

£ £ * $j m & ii # iM. f»j 5f a»j m sfe 5. *t ># it m & m n 1 2 3 ° 

♦fe J# il ffl ^ jig. n 1 2 3 # ^ t 44 M- 1 2 7 a a ii^lpf 44 

4127 t t^^wmft o ^^#^fi^^r#^^#^ • #j 

> yp. # & m * jSL ' I'J ft tit ^ >TMf #■ ft 1 2 5 - ^ ^ , ^ 
^ * * * ^ # ip- W ^ * tf- ^ ft 1 2 5 $l % & & & j% m ft 
Wl n 1 2 3 i ^ ft ° ^ - * ^ ffl t ' T >TMf # tt 1 2 5 i 
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i > &Wi$L*H (30) 

$l]3L/&£.&i&%i J §: & 1 2 1 Jgfc t& - ^ m tf tf 1 2 5 JL # 

* & * & £p it ft & J&l m 1 2 3 ^ # ft £s t # * 1 2 7 • f£r ifp tf 

^ffi^mH123#iTn^#tmT^#^MC^it^^l29 » # 

* ' #r tf # tf 1 2 5 # it # ^ #j |& j# #- *t * »J m> 

12 1 • ^ i f f4 *127 ^Tl, M # f i t ^ ^ S f ^ 4 i # 

^««*&-ifttttttifc#&«#^«#&£*#ifc# ° # 

tt£m4f*-*fr#j£-it - ft £p tf tf 1 2 5 & jfe #6| # # 4b 
ffl 1 3 A & tJt W ^ % W m ie. It Ik to + &.&M-toJfrt?te tf 

z-m ?a $l % #3 & m m ° & ^ t$ pg it * 8 i & & m n # *t 8 4 £ 

5. 4$ m a & & M M ifr t m m $t8 3 ^ & tf] $k M $- it ° * fk 

* **j pg it * 8 1 * #j t$ pa t £ £ t& ^ % A %, m * tfi f£8 3 & & 

j# t # * 8 9 t tf] tfi Sfe fa ft tfi ft ^ F.I t& J: * - J. £ tb m 

& mm, & 'h ib m * tfi & a 4p t # ^ # * ^ - # tn £ 

* ^ & £ n- -f- # it m & m- ' gr + mm-ttfLtiL&toJ&t ** 

* t tfL ft ^ M t& Ml Ml * 4b - M T t^^HliiTii 
|5] f i| f # f o & 4p t^j pg ^ £ 8 1 -5T & ^ ^ - ® # > * 
*t It «■ 41 Jfifc t» 4* J# tf ^ ff84 - ft $ «9 pg «. £81 T A Al ^ 
its >fj t tfl M.83 J. ^ J# tf ft tf84 t 

8 2 4l m ^ t 'J n - % m - * «. «t * *ft ^ *J ^ i c jg. it t& 

* - ^^ftf «fe t ' *fe >TMf ^ tf 8 4 # it $P ^ ffl ^ ffi zfc lb 
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i - %:Wi$LW (31) 

i&m. * &) t n * *t #:86 4^ # 45.85 5. to £p t # * 4§J jgg. |f 87 - 
IhJ j& # 45- ' #*^^#^J3&887J*t4f-&^:£*R.ftil4fc m it 
m. to B * 44 * 8 9 JL # it ifc # t *4 * *t #8 6 J. 4* * *f 4* tf 
8 4 » ^ ^ - f * #1 t ' $r J# tf 4* tf 8 4 Jl #t # m tit ft ^ 4b 
s& 5& #r & 4l to & JSl *l at *t $ ^ ^ * f # * 8 9 ° 

1 1 3B & 18. B £ 4^ <H m la * 4?-] + fttiLtf-pfti£4bx- 

& to m n # tt ^ ^ $ si - it 9i«r#-t&--&£8i 

5} t 4 x I, a # 1 ^ # t II f # f ^ S & # 4b M 

^ c ^ ^ ^ jl jl ^ & & * £fe 4b # ^ *>i * m ft ^ ^ * 

mftil^lW^*^>##-it4L«t^^M60#^#J»4L*fe*- ID 

# - & It ° ■sr^ffl^o* i P-Mf*^^bi.^-93 > $c & & ^ *f 
H 9 5 - f f i^)f ##i|-97 - $&.^£#t8glS99 - i& * 4& 

/& ^ it 4£ 4b ^ 0 1 ffl * »J m ft a - & m ft a M 

#j |t 4£ 4b ^ jl 1 0 3 £ t m ft A #r ifp #■ *t # *t # £ KJ t 

#j *t & ft 34 & i& * &'J & tf tb $c ffij tf 4* @& it A - 

^ ' & JTp tf 4£ tf 9 1 jf'J m Mj ^ 4b tm m. At 4 

^^105^^S:t^*#^4b^^l07^r#^#^4bi* ° 

# 4& # *fc 4b 1 0 9'^T 43L ffl 3* 4b & * *> 4fc & 4± - 
*t ^ ^ a (Lagrange) # ^ 4b - #*jLii4«*(Cubic Spline) 

# ^ 4b > m # (Ai tken) ft *$. 4b > ^ # -f ^ # ^ 4b > ^~ 
^ ^ ft *$. 4b - S S(Turran) ft «S 4b - #t # «jL 4b - M # 

KBessel's) t4^b > St 4* # ( E ve r e 1 1 ) # «S 4b - # Pf< 
^#^4b - $ *f( Gauss) # ^ 4b - i^i^#(Hermite) ft 
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jl - %tmrtw (32) 



«Mt ^ 4- 4S fife- A 
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s. « l m A ffi 3fL %% m ] 

m 1 # m ^ *«j ffl & # * $j ^ j»j * $t n t & # nt & ^ ^ 

SI 2A jffi TTMl&^^^^^^t&^&ttffllt 4*J ^ * 
i t M & ft SI ° 

Bl 2 B ffi *i 4ft ^ $k M t # # t l^l f iH ^ t *J # *f 4* 
« ^ Mr 41 4* >Tp • 

ffi 3 # a^ - m m fe. 1t afc #<J t ffi ^ A i. * # # K m. 
J$L ^ # & ^ j# ^ ^4 * ^ # 4t flft. @ n ° 

Bl 4 A & ag ^ jfe H m t & * 'J Wb j& ^ & It ffi « l& 

J$s %k xfe lb m ft # Sfc >Jr L ^ Bl ° 

Bl 4B A * # ag ft * fa fy\ t *'] ffi & £ 4£ 4b ^ $r 

# 4b H Tpr tfc ° 

15A^^f & 4£ *f fa m t #'J ffi %L & JSL ft ffi « 4fe * 

# ^ 4b ^ # 4^ 4$ Tifi. 5fl ffl • 

bi 5B $ * # a^ 4£ * m *mn$L&&frtt*.%imtit 

^ 4b g| t& a^ o 

si 6 & * # m m it, ir m t f'l ffl t * ^ I t # * t w 

ffi Jfr £p ^ 4b 4^ # 4t # >ft a Bl ° 

W7^,4^#W«l£ir«& t #'J ffi % 4^ it A ^ * S tt 

* 4i 4b ffi a |^ ># ^ 4b ^ # 4t # W ^ ^ BI ° 

ffl8^^^-B^^^1f«fe #J t ffi «E7*p^&^^^r* 
ffi «, #6 M # ^ 4b ^ # 4^ # 1^ >Jf L BI « 

S9AI, B^^gf ^ m t #>J ffi ^, £P ^ «t *f JSL # ^ 
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lb f *4 # & ffl a $r ># ^ ^ ^fb 4l # ^ # yA m. Bl ° 

19B^^f a^tlt^ #'J t f'l ffl ^ *a flfc # *f & # ^ 

n 1 1 % ^ # w m ie, * ^ in t $ a«^4**Mb 

ft jl ^ 44 3J- 3fr * 4£ # ^ $r M *t ^ # # # JW 35?L jg. Bl ° 

n i 2 a # a ^ ^ it. * *j t & % $r m n & *t & # 

?t H >)ft 3& SI 0 

m 1 3 a & tt w % m m n, * «fe w t & 5. #r >CMf # tt 
^ ^ pg it £ & 5t n n ° 

® 1 3 B J*, t& ^ ^ H £ « l£ 1f 3fc #'J *fttiL3fr£&&&4k 

it # flfe tfc ; 
4 0 ~ & * i >*! & 
41 ~ 4 as jft ^ 

4 3 ~ i ftj & ^ 
4 5 - 7v £ ^ 
47- H K 

4 9 ~ 1 1 M & & 
51-4 ^'J & Jfc * £ H 

5 3-4 j*J $r i# tf jfe 
5 5 - * 3D -f- & 
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57- 
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> 65- 
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71 


> 75- 
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73- 
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tf 








81 - 
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85- 
















86- 


~m 
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ft 








87- 
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*4 








89- 
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91 - 




J% 


tf 


# 


tt 






93- 


fa 




^p- 






lit 
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95- 
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97- 
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* 
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X- 


99- 
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1 0 1 - j& ^ & ft 4b X. * 

1 0 3 ~ a EJ If Jb & ft ft 4b X * 

1 0 5 - >£> £|Wt to 
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1 1 1 - 4* m * ** >* 

121-4 SftI & *t 

1 2 3 ~ |& i$ ffi ^ IS 

1 2 7 ~ 4* $ * ¥t * 
1 2 9 ~ I C M & & & 
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1 . - n & * J&J fR.Sfe&£;f*tt«i& #} $r £p 4L * • itb 3r 
* & * = 

a * >u] & i m * £ & # ^ ^ tfi «; > *b »J 4 a £ - 1T 

ail tfi ; 

^ #r $ it tit & w t it # ir $i tfi * ^ * # ^ ^ ' & j# 

tt tit £ M * # * *g ^ # & fcfc |£ ffi 4L *t & ft ' tt tit ft ft & to 

ii^ti^ mtt ' *^^p#-*t*7Fi»«i^^ & ffi to m # & 
<i± > & m * tfi sfe # tfi & ^ ^ j# ft & 

£ fsg 6d *t tit ji i ; w a 

#J flf # ^ 4b 5@. ^ ' *^3S#^mSfe4L^^p#-*t ' & £ 

t@ # afr m%L^m*£to$^$L ; 

£-t#*t4b3t;f&^ — i£ $ # ' tSt ft * ffl $J tfi 
3£ - M ^ ft # ^ f fl 5fe ^ it tit ^ A * to & g A / ^ #l # i 
^ j# tt $ £ fal 4L*ttit&£#J*#*fr£p£*i: ° 

2 . 4u t tt * m %% m % i m & * m # & 

$r $s ^ 2r • ^t*ft*lt«Sr.1 t«#f m tfi Sfe ^ ft ik 

ft & £■ ' to J# it tit £ WJ * # * ^ £ # & -Ji le, SI ^ it tit ft • 
& # : 

*S $L to M tt % £ ft it tit .ft ^ W # & 44 gj ; W Bl 

to m tt 4* ^ B3 *t tit ft ^ W ^ ^ #j ^ 14 $a m ° 

3 . ^ t if 4?- #'J $& IS ^ 2 3« ^ i t m tfi Sfe ^ ^1 5» «t € 51- # 
^ 4l ^ • *t^^*^*ittit^M tt tit ft ^ W a -14 i& 
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4 . -kp t tt * *»j $& m % 2 j£ ^ g * m m St ^ m n t ^ m 

#r 4l 2r >£■ ' is ^ m t% %i & ft 

& *£ ft m 6. ^ * : 

*t # ^ J# *t # £ Pal t*tifc»#j|**fc##f£. ' $F # *S # 
*f A *t tf & #| ^ # # Mi 'l±3£ffl#-fc.^*t#: ffi> ^ M ; a 

5 . *.f^r*^J|£K^43S4Liir asl tfl t ^ ^ f f f 4 M 4 

^ ^ 3- ^ > *ttt#^4p*t#:^fait*t # i i m m m *f 

5. & ^ # : 

tf # «l & & ^ > #&A^I*i|,*|&£p#-ifc4L£4b3l 

# ifi sfc £ 4b 4l $J * ; 

£ f 9 1 #J & ^ ,14 ft * M # 4± la IS 0 

6 . ** t tf -f- #•] jR, H ' % 1 Jl ^ £ tf >jOj ffl.Sfe*Jfc;(**tf;J& M & 

** # *l >r & ' *t*«iit*****«iitjt - € -f- * * ft 

£ * f t i'J f i ^ ^ *ft * & % • 
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& M ■ 

^MfeJ»*tiJt&WtiS#-^®«l ' *t # © It ^ # * 

# ^ it tit is ^ ft *A ; « a 

* >h ih m & & & It ' ^ ^ ^ tt eL ^ # # ^ ^ it ^ ^ 

it tit ft ^ 1ft & *B *f ^ f m tt*-t***lt^t^ 

# ^ m i& *@ *f ^ flr $j m ^ & * & it ° 

8 . *o t tt # *•] $i m % 7 m ^ & it m ittk m.%& *# ^ 

M #- it ° 

9 . 4o t tf -f- #>] $& IS Jjl 7 jJ! 4l g * g>] m«;^^j»«€s«. M 

#p #- it ° 

10. *□ t tt * *j m % 7 * ^ g * m * 

# 4l >{r ' * t * * m & & & it & ^ * : 

* *a M a* W jjg ifr it £ it tit ft # tfi Sfc ; 

it # £ £ * 'h & & & it ^ ^ ^ i% * o 

11. *o t it # m & s # i o 4l i * ai m**«#itt* J* 
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m to M 41 * ' it - & ^ # : 

*'] ffl *a M ^ ft /j> m$L^&$L*-fomfa-itf%-ffi«&mto 

m *t ° 

12. *n t tf -f- || IS Jfl 1 ij| 41 £ * fcl IKtiUttf ^ M 

^ 3& J# 4i 2r > & t & $L fa # Sfr * S*J m!^4i^^[^^# & 

& ^ * • 

tf * #c & A £E P# ' l& ^ ^ P# & ^ ^ 4i iMt 3! 

# tfl Sfe ft lb 4i * ; 

*^/^l**#-it4it«^'CfLS.#>!t^*^Ji*tijtSBg t ft 

13. t it 4- $!, S ^ l 2 ^ 4i ij f m m ft * k * « <t ^ & 

*H $r J# 4i 3r ' * t & £ 4p #- *t 4i $3 g # & ^ # : 

* 1 * * # & m $fe j& m m & 4i ji. & ; 

*>J ffi ft & # ^ m m f »j tfi lit 4i n & a tf % # & & A 

£E Fiji tf £■ 3fl & & - 

14. to $ n w %i m %i m ^ & t m m^^^^^t^M 
m ^ m ^ ^ ^ ' %*}k^m^tom$-$tz-^xfefcn%- m m 

ft & Ml ft xfe lb - $l ffl a (Lagrange) #S- 4b - * & S£ 4« & 
(Cubic Spline) #£Mb > J£ & it" (Aitken)#*£4b - ^o^f 
^ 4fc 4b - £ - =k A ft ^ 4b - ft i- ^ # *fc 4b > SI & 
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(Turran)#4ft - 4Bt & 4b > I * » (BesseT s) t 

4b > 3c 4* ?'J # (Everett ) & ^ 4b - # PR ^ # z£ 4b > ^ *t 
(Gauss) 4b - ^i^#(Hermite)#^4b > ^MS B£ 5£ £ 

^ ffi x$ 4b * A 4* # ^ 4b » s£ ^ a ( Th i e 1 e ) # 4b >g ^ & ° 

15. -S&tS'Jtllt^t^iBlt^ # ^ ^ M ^ ^ & ' itb 3r 
& ^ : 

a * m It 4 *J * i M ^ # JW- # m ^ ' itb $j 4 £ £ - >*i 
4 m sfe ; 

* tb #3c if $j tfLStn^#4^*^m^;it#lf $j m sfe ^ * 
4£ # ^ * ' £#rt*4&&*#«ttit& ng *t tit ft 4l * # it 

A ' £*4^^**^aB|l^^4^iLMP#ffi^#fttfim^^l^ 

^ it ' Ik it tit £ « *t tit % h A % tl #j # & *t & ffl • ifc 

4$ ^ £p #j # ; « >5L 

* # $j tTL ft ^ a m & 4g- *t m # tt * m $k m #- it ° 
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